Abstract. Yucca L. (the Desert Soaptree, Agavaceae) consists of 45 perennial species distributed primarily in the deserts of Mexico and the United States. Although severa! taxonomic treatments of yuccas exist; the-phylogeny of the group is poorly known. It is unclear which taxa retain primitive characters and how characters have evolved. In addition, relationships oftaxa within the genus are uncertain. We compare our phylogeny based upon reproductive characters with a chloroplast phylogeny (Hanson and Rieseberg, 1991 ; Hanson, 1993) and with data from the ITS region of the nuclear genome (Bogler, this volume). The molecular analyses of the chloroplast genome by Hanson and Rieseberg (1991) led to a phylogeny on ly partially congruent with the traditional morphology-based phylogeny (McKelvey, 1938 (McKelvey, , 1947 because the cpDNA analysis indicated that chloroplast capture among distantly related, sympatric/parapatric species has been a factor in the evo lution of the group. 
INTRODUCTION
The genus Yucca is composed of approximately 45 New World species, most of the which grow in the arid regions ofMexico and the western United States. The genus, one of the most widespread of ali the North American desertmonocots, exhibits a high leve! of endemism where it occurs. Striking in appearance with sword-shaped lea ves and massive, creamy, whiteflowers,plants ofthis genus arean importantcomponent of desert habitats. They provide animals with food and shelter and are an integral part of the Iives of traditional, desert-dwelling American peoples. The budding stalks, and later, blossoms and fruits, are harvested and eaten. The leaves are a traditional source of cordage for rope and twine and the hardened, woody flower stalks are used forconstruction purposes.
Although these plants have obviously been used by people since before the Conquest, little is understood about the relationships between species or the patterns of speciation.
Indeed, substantial convergence of characters among of distantly related taxa appears to have obscured species relationships. Since the evolution of Yucca likely parallels the climatic diversity of the New World deserts of the Northern Hemisphere, this group is of special interest. Our research thus focuses on the evolution of characters in response to increasing aridity. We thereforeexamine characters such as plant habit (tree, shrub, rosette (=acaulescent)), fruit succulence (dry, fleshy), leaf rigidity (rigid, flaccid), and leaf margination (denticulate, smooth) which vary not only across species of Yucca, but also within other New World monocot genera such as Agave, Nolina, Hesperaloe and Dasylirion. Yucca is of particular importance in assessing changes of these features across aridity gradients because it is the only genus in which the en tire suite of characters listed abo ve is fo un d. Tracing the pattern of morphological features correlated with increased aridity might provide evidence abouthistorical specialization in all these genera. In unraveling the evolution we need to answer whether the ancestors of 
Tegeticula yuccasella).
In dealing with the evolutionary history of Yucca, we first ask whether the genus as traditionally circumscribed (Trelease, 1902; McKelvey, 1938 McKelvey, , 1947 Webber, 1953; Matuda and Piña, 1980 autapomorphies, a capitate stigma, tufted anthers and pallen which is shed in a gelatinous mass rather than as dry individual grains). Ata higher taxonomic leve! we consider whether or not the sections, based on fruit types, are monophyletic. Does fruit type reflect common ancestry or is it the result of homoplasy ? Does fruit type correlate with habit? Most fleshy-fruited taxa are arboreal, most dry-fruited taxa are small shrubs or rosettes. Based upon the distribution of these two characters among species, researchers (Trelease 1902; Tidwell and Parker, 1990) Platea u is thought to have been a refugium during the last Ice Age (Van Devender, 1990) and subsequently a center of substantial radiation afterwards (Trelease, 1902; Piña, 1980) . Present-day diversity and distributional patterns are thought to be the result of Holocene warming and drying trends which stimulated range expansion northward, where subsequent diversification and reduction of the tree form to shrub and rosette forms occurred.
The hypotheses of how Yucca diversified are based upon the fact that the various growth forms now present within the genus show apparent distributional trends on longitudinal/latitudinal gradients (Table 3) . Species atlower latitudes are trees while species at the higher latitudes and elevations form grÓund-hugging rosettes. For example, members of sect. Yucca are fleshy-fruited trees of Mexico, with the center of diversity in the Sonoran desert (Matuda and Piña, l 980; Piña, 1980) . In contrast, mostofthe members of sect. Chaenocarpa are small, freeze-tolerant rosettes (with dry fruits) which are distributed in the drylands to the north and east: the Chihuahuan Desert, the Trans Pecos region, the Rocky Mountains, the Colorado Plateau, and the Great Plains. Two centers of diversity occur, one in Texas, the other on the Colorado Plateau. From south (Chihuahua) to north (Canada), species change from small trees to shrubs to simple rosettes . Yucca whipplei, a species complex with rosettes and dry fruits, are restricted to Baja California and the southern Mohave, while sect. Clistocarpa (trees with spongy fruits) occurs entirely within the Mojave.
Determining the ancestral morphology of Yucca is speculative. The oldest Yucca-like fossils date from the Miocene of Nevada, USA (Tidwell and Parker, 1990 ). The ancient fossils of the extinct Protoyucca shadishii are most similar to the modern, massive arborescent species, Yucca brevifolia (theJoshua tree), which toda y inhabits the Mohave desert. We question which part of the lineage this fossil marks, whether it is basal, intermediate or more derived.
The architecture of the flower strongly reflects the mutualistic interaction between the moth and the plan t. For example, the perianth encloses the mating moths during the day . During pollination, the pollen is presented by anthers which sit atop sturdy filaments and support the weight of the moth's movements as she collects the pollen in to a ball with her tentacles. Later the moth steadies herself between two filaments in order to position her body for oviposition. The sturdy, tapering style is split in to three spreading stigma lobes, which open to receive the pollen mass that the moth pushes down the throat of the style to effect pollination.
MATERIALS AND METHODS
We include in our morphological analysis, characteristics of the ovary, style, stigma, filaments and anthers (34 characters) that had not previously been examined in a systematic way . We added synapomorphous characters (14) from analyses of the inflorescence, habit, and leaf shape, rigidity and margination . A morphological character data matrix was made of these characters from 38 taxa (Appendix I, II).
Cladistic anal y ses were performed using the P A UP algorithm (Swofford, 1993) , Options -unordered characters, ACCTRAN, from which a strict consensus tree (Fig. 1) of the 54 most parsimonious 268 step trees (CI 0.358) was computed. 
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Characters were run unordered and unweighted with Agave striata selected as an outgroup. To compare the resolution between our data set and one using more generalized characters, we added 21 additional characters described by McKelvey (1938, 1947) and computed another strict consensus tree (Fig. 2) of 48 trees using 339 steps (CI 0.398). These results were compared with the traditional classification (Trelease, 1902; McKelvey, 1938 McKelvey, , 1947 Matuda and Piña, 1980) . g Chaeno.
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The relationships derived from these analyses were compared with molecular chloroplast DNA analyses of Yucca (Hanson, 1993, Fig. 3 ) taxa and outgroups and with intergeneric analyses the Agavaceae (Fig. 4) (Bogler 1994 , this volume). Hesperoyucca outside of Yucca (Figs. 1-4) , and three ofthe four analyses, (Figs. 1, 3 and 4) place it on a branch with FIGURE 4. Combined ITS 1 and ITS 2 data sets, 50% majority rule consensus tree from 100 bootstrap replications (Bogler, 1994 
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Hesperaloe indicating that it shares a more recent ancestor with Hesperaloe than with Yucca sensu stricto.
Sectional relationships: The cladistic analyses are partially congruent with traditional taxonomy. However, when the traditionally-named sections are superimposed upon the trees, it is clear that none of the sections are monophyletic although the majority of taxa fa]] within the traditional groupings (Figs.1,2) . Inoneofthese, Yuccabrevifolia (sect. Clistocarpa) is buried deep within sect. Yucca, which appears to be a derived grouping within the Yucca lineage. Taxa of the dryfruited, small shrub and rosette, denticulate-leaved series Rupicolae (sect. Chaenocarpa) are basal.
Series: None of the traditionally-named series are monophyletic when they are superimposed upon the trees. As expected, the morphology trees are more congruent with the traditional circumscription than is the cpDNA tree. In the morphology tree ( Fig. 1) , ali Chaenocarpa taxa with smooth-leaved margins fall within a single derived clade.
Taxa of ser. Rupicolae (ali with denticulate-leaved margins) are at the base the two clades within Yucca.
Differences between trees: The best resol ved tree is the tree based upon reproductive characters alone (Fig. 1) . lt indicates that the dry-fruited, denticulate-leaved taxa share pleisiomorphic characters. The most dissimilar tree is the cpDNA tree (Fig 3) . The relationships between taxa are less resolved: The majority of terminal taxa are at the ends of polytomies. In one clade, taxa of three fruit types cluster together. In another, a dry-fruited cladecontains both denticulatelea ved and smooth-marginate taxa. Hanson and Rieseberg ( 1991) has noted that sympatric taxa cluster together in these clades possibly reflecting past introgressive events involving a «chloroplast capture,» or transfer, between sympatric taxa.
CONCLUSIONS
At the generic leve!, taxa of the Y. whipplei complex share more characters with Hesperaloe forming a clade that is sis ter to Yucca. That it possesses the same pollination syndrome as Yucca raises interesting questions about host shifts within a coevolutionary context (Bogler et al., in press ).
Of the traditionally named sections, both Yucca and Chaenocarpa are shown to be paraphyletic because neither section contains both an ancestor ADN ali of its descendants (Hillis and Moritz, 1990). However, smaller monophyletic clades of !'leshy, or dry, fruited taxa in partreflect the traditional circumscription. In addition, theJoshua tree (sect. Clistocarpa) falls within sect. Yucca indicating that its spongy fruit is derived, and that the species arose fairly late in the evolution of the lineage. Cladistic analysis suggests the ancestor of Yucca was small and that fleshy-fruited tree forms arose later.
We caution that these results are preliminary in nature. Both morphological and molecular data sets are based upan relatively few characters. Ofthe 64 mutations in thecpDNA tree (Fig. 3) , only 38 are synapomorphic and phylogenetically informative (Hanson, 1993:31) . Of the 47 characters in the morphological anal y ses (Fig. 1) ,41 are informa ti ve. Of the 68 characters for the morphology tree represcnted by Fig. 2, 60 are informative. We are expanding the morphological analysis to include fruít and seed characters, and are performing a molecular analyses of the 580 base pair ITS (Intercistronic Transcribed Spacer Regions) sequence. These analyses will be combíned to evaluate further the evolutionary path of Yucca L. APPENDIX 1.
Master data matrix of 38 Yucca taxa and 79 characters. Characters excluded in 68 character matrix ( Fig. 1 
